Abstract. This paper analyzes the methods of improving the performance of X80 pipeline steel. In the process of manufacturing piping, the right temperature of coiling the steel can improve the comprehensive mechanical properties of X80 pipeline steel. The proper cooling rate can make heat affected zone get the good performance. Quenching can improve the performance of X80 pipeline steel, but the temperature can not be too high. At the same time, the appropriate tempering treatment can make X80 pipeline steel obtain good hardness, strength, plasticity and toughness. 
Introduction
Pipeline transportation is one of the most economical and reasonable ways to transport oil or natural gas for long distance transportation.
At present, China has already built the West-East natural gas transmission project. In the future, China will build more long-distance pipeline projects which will promote the development of large diameter, high pressure and long distance transportation of pipelines. The West-East natural gas transmission project has used a large number of X80 pipeline steel. Its strength and toughness are in accordance with the requirements [1] . Nowadays, the exploitation of oil and gas appears gradually in the harsh environment. Therefore, due to the influence of geological environment, the pipeline subjects to the disturbance of external load and will appear large deformation and failure, such as buckling, cracking and collapse. In order to improve the transmission efficiency, reduce energy consumption and reduce the damage and cost, pipeline steel needs to develop in the direction of high strength, corrosion resistance and excellent welding performance [2] .
Effect of the technology of making pipes on the performance of X80 pipeline steel
The effect of the temperature of coiling the steel on the microstructure of X80 pipeline steel was studied by J. Ma [3] . It was found that the content of bainite and the dislocation density will decrease with the increasing of coiling temperature. The content of retained austenite increases and the strength of the material decreases and the plasticity increases. In the high coiling temperature, carbide precipitation, residual austenite decomposition will increase the strength and reduce the plasticity of the material (shown in Fig. 1 ). Z. W. Liu [4] and others found a technology of making pipes which can improve the mechanical properties of X80 pipeline steel. Before the process of making X80 spiral submerged arc welded pipe, the pretreatment of 650°C high temperature tempering for 50 min can increase tensile strength and yield strength. Further research found that the quality of the weld will also be improved. Therefore, in the tube bending process, the proper control of coiling temperature can make the X80 pipeline steel obtain good comprehensive mechanical properties to meet the requirements of process and improve the quality of projects.
Effect of cooling rate on microstructure and mechanical properties of X80 pipeline steel at welding heat affected zone
Effect of cooling rate on microstructure and properties of the heat affected zone of X80 pipeline steel was studied by L. Guo [5] . With the increase of cooling rate, the bainite is granular bainite and lath bainite. Ferrite is polygonal ferrite and acicular ferrite, which has a significant impact on the toughness of X80 pipeline steel. The hardness of the welding heat affected zone with different cooling rate does not show a significant decrease compared with the base metal, that is, there is no obvious softening phenomenon in the coarse grain zone of the welding heat affected zone.
The variation of microstructure of coarse grain zone in heat affected zone of X80 steel under different cooling rate was studied by D. F. Zhang [6] . It was found that the impact ductility of the heat affected zone of the test steel will increase first and then decrease with the increase of t 8/5 time of the cooling time. When t 8/5 is 7s, the coarse grain structure of the heat affected zone is a small amount of granular bainite, which is dispersed in a large number of lath bainite, and the lath bainite is refined. It increases the effective grain boundary and plays the role of refinement and strengthening.
The cooling rate affects the microstructure and mechanical properties of the heat affected zone of X80 pipeline steel. So the appropriate cooling rate should be controlled to make the heat affected zone have good performance.
Effect of heat treatment process on properties of welded joint of X80 pipeline steel
In the various regions of the heat affected zone, the grain size of the coarse grain region is larger, and it is easy to embrittle, which is the most likely to be the weak link of the welded joints. Generally speaking, heat treatment can improve the microstructure and properties of iron and steel materials; it especially has great influence on toughness.
G. Li [7] and others used welding thermal simulation technology, heat treatment, mechanical property test and microstructure analysis to study the influence of quenching and high temperature tempering heat treatment process on the microstructure and properties of X80 pipeline steel welding coarse grain zone. It was found that when the quenching temperature is 800°C, the toughness of the coarse grain zone is good, but when the quenching temperature is 950°C or 1150°C, the toughness will decrease obviously, and there is a serious local embrittlement. When the quenching temperature is 950°C, the embrittlement is caused by the continuous distribution of large granular carbide on the grain boundaries. When the quenching temperature is 1150°C, the embrittlement is caused by the formation of Widmanstatten structure in the crystal.
Y. R. Fan et al. [8] used automatic submerged-arc welding process for the X80 steel with the 52 mm wall thickness and carried out the heat treatment process for weld joint. And they analyzed the mechanical properties of the weld under different heat treatment process. They analyzed the influence of microstructure on the impact toughness of the weld. The results show that normalizing treatment can eliminate the hereditary of welding microstructure, refine the grain size and make the M/A component refinement, which is dispersed in the lath bainite, so that the low temperature impact property of the thickness center of the weld is improved.
The changes of microstructure and mechanical properties of X80 pipeline steel after different quenching temperature was studied by Y. J. Ma [9] . It was found that the austenite grain of the test steel is seriously coarse when the quenching temperature is 1000°C. It leads to the production of coarse bainite ferrite, the increase of strength and the decrease of toughness and hardness. When the quenching temperature is 930°C and the tempering treatment is suitable, X80 pipeline steel has small acicular ferrite, so that it has a good comprehensive performance.
Quenching can improve the performance of X80 pipeline steel, but the temperature is not too high. At the same time, the suitable tempering treatment can make X80 steel get good hardness, strength, plasticity and toughness.
Conclusions
Effect of making pipe process on properties of X80 pipeline steel and the effect of heat treatment on the properties of the weld were analyzed. The following conclusions were obtained.
(1) The proper control of coiling temperature in the tube bending process can make the X80 steel have good comprehensive mechanical properties to meet the requirements of process and improve the quality of projects.
(2) The cooling rate affects the microstructure and performance of X80 pipeline steel in the heat affected zone. The cooling rate should be controlled to make the welding heat affected zone obtain good performance.
(3) Quenching can improve the performance of X80 pipeline steel, but the temperature can not be too high. At the same time, the suitable tempering treatment can make X80 steel get good hardness, strength, plasticity and toughness.
